The management of castration-resistant prostate cancer (CRPC) presents a clinical challenge because of limitations in efficacy of current therapies. Novel therapeutic strategies for the treatment of CRPC are needed. Antagonists of hypothalamic growth hormonereleasing hormone (GHRH) inhibit growth of various malignancies, including androgen-dependent and independent prostate cancer, by suppressing diverse tumoral growth factors, especially GHRH itself, which acts as a potent autocrine/paracrine growth factor in many tumors. We evaluated the effects of the GHRH antagonist, JMR-132, on PC-3 human androgen-independent prostate cancer cells in vitro and in vivo. JMR-132 suppressed the proliferation of PC-3 cells in vitro in a dose-dependent manner and significantly inhibited growth of PC-3 tumors by 61% (P < 0.05). The expression of GHRH, GHRH receptors, and their main splice variant, SV1, in PC-3 cells and tumor xenografts was demonstrated by RT-PCR and Western blot. The content of GHRH protein in PC-3 xenografts was lowered markedly, by 66.3% (P < 0.01), after treatment with JMR-132. GHRH induced a significant increase in levels of ERK, but JMR-132 abolished this outcome. Our findings indicate that inhibition of PC-3 prostate cancer by JMR-132 involves inactivation of Akt and ERK. The inhibitory effect produced by GHRH antagonist can result in part from inactivation of the PI3K/Akt/mammalian target of rapamycin and Raf/MEK/ ERK pathways and from the reduction in GHRH produced by cancer cells. Our findings support the role of GHRH as an autocrine growth factor in prostate cancer and suggest that antagonists of GHRH should be considered for further development as therapy for CRPC.
advanced prostate cancer | hormone refractory prostate cancer | novel treatment | prostatic cell death | targeted therapy P rostate cancer is the most common noncutaneous malignancy and is the second leading cause of death from cancer in men in most Western countries (1) . Prostatic adenocarcinomas are dependent on serum androgen for proliferation and survival, and androgen deprivation provides an effective therapy for patients with advanced prostate cancer. Although most patients with advanced prostate cancer show an initial response to androgen-deprivation therapy, nearly all patients eventually progress to a castration-resistant state (2) . No effective treatment exists for advanced castration-resistant prostate cancer (CRPC). For the advanced disease, chemotherapy with docetaxel, inhibition of cytochrome P-450c17α (CYP 17) with abiraterone, and immunotherapy based on sipuleucel-T can improve overall survival. However, even docetaxel, the most active chemotherapeutic agent (3), provides only a modest survival advantage, and most patients eventually progress because of drug resistance (4, 5) . Thus, there is a clear need for novel therapeutic strategies for the treatment of CRPC.
Growth hormone-releasing hormone (GHRH) is a hypothalamic neuropeptide that stimulates the secretion of growth hormone (GH) from the anterior pituitary gland upon binding to its receptor (GHRH-R) (6) . In turn, GH stimulates the production of hepatic insulin-like growth factor I (IGF-I), which is a potent mitogen for many cancers (7). GHRH and its pituitary-type receptor, as well as truncated splice variants (SV) of GHRH receptors, are expressed in various normal human tissues including prostate, kidney, lung, and liver (8) , and on many human cancer cell lines and tumors (6, 9) . Pituitary-type GHRH-R and SV1 appear to mediate the direct effects of GHRH and its antagonistic analogs on tumors (10) . GHRH itself acts as an autocrine/paracrine growth factor in human cancers (6, 11) , including prostate (12) .
For about two decades, our laboratory has been engaged in the synthesis of GHRH antagonists for therapeutic use in the management of various cancers and for investigation of the pathophysiological role of GHRH in various malignancies (6, 9, 13) . The inhibitory effects of GHRH antagonists on tumors are exerted in part by an indirect endocrine mechanism through the suppression of GHRH-evoked release of GH from the pituitary, in turn resulting in the decrease of the hepatic production of IGF-I (9). Direct mechanisms involved in the main antitumor effects of GHRH antagonists appear to be based on blocking the action of autocrine GHRH on tumors and inhibition of autocrine IGF-I/II production (6, 9) . We have demonstrated previously that GHRH antagonists inhibit the growth of diverse human tumors xenografted into nude mice, including androgen-dependent and -independent prostate cancers, and also suppress the tumoral growth factors EGF, FGF2, IGF-I, IGF-II, and VEGF-A (6, (14) (15) (16) (17) (18) (19) (20) .
The PI3K/Akt and Raf/MEK/ERK pathways are implicated in the progression of prostate cancer to androgen independence (21) (22) (23) . Activation of Akt, a serine/threonine protein kinase, results in protection from apoptosis in response to growth factors, cytokines, c-myc overexpression, and matrix detachment (24) . For complete activation, Akt requires phosphorylation at Ser-473 and Thr-308 sites. In the phosphorylated state, Akt promotes cell survival by inactivating the proapoptotic protein B-cell chronic lymphocytic leukemia/lymphoma 2 (BCL2)-antagonist of cell death (Bad), thereby causing the release of the antiapoptotic protein Bcl-2 (24) . Akt also stimulates cell-cycle progression by phosphorylating glycogen synthase kinase 3, which in turn stimulates cyclin D1 transcription (24) .
The ERK pathway is triggered mainly by mitogens and cytokines, acting through G protein-coupled receptors (GPCRs), receptor tyrosine kinases (RTKs), and nonnuclear steroid hor-mone receptors (25) . Eventually, the signaling activity results in phosphorylation of ERK1/2, a potent MAPK (26) . Stimulated ERK1/2 (p42/44 MAPK) mediates diverse biological processes by activating or inactivating a wide variety of proteins involved in proliferation, apoptosis, and invasion of tumor cells (25, 26) .
In a previous study, we estimated changes in protein expression of phosphorylated p42/p44 MAPK after treatment of PC-3 and DU-145 tumors with antagonists of GHRH (15) . However, the expression of phosphorylated MAPK in PC-3 tumor cells as well as in PC-3 cells grown in vitro was very low. Therefore, the effects of therapies on the MAPK levels in PC-3 tumors could not be investigated.
In the present study, using cell cultures of PC-3 human androgen-independent prostate cancer and PC-3 cells xenografted into nude mice, we investigated the inhibitory effects of the GHRH antagonist JMR-132 in vitro and in vivo. Activation of ERK in cultured PC-3 cells and in PC-3 tumors also was evaluated in view of evidence from earlier studies that ERK signaling plays a role in several steps of tumor development. In addition, we investigated further the mechanisms of action of the GHRH antagonist by quantitative real-time PCR array for cell proliferation, apoptosis, cell cycle, angiogenesis, invasion, and metastasis.
Results
Presence of GHRH Ligand, GHRH-R, and SV1 in PC-3 Human Prostate Cancer Cells and PC-3 Tumor Xenografts. Reverse-transcribed mRNA from PC-3 cells was subjected to real-time RT-PCR to determine the expression of GHRH, pituitary-type GHRH-R (pGHRH-R), and its main splice variant, SV1. The amplicons for GHRH (150 bp), pGHRH-R (145 bp), and SV1 (523 bp) were detected in PC-3 cells (Fig. 1Aa) by their respective specific primers and probes. The antibody used to detect the expression of the receptor could identify both pGHRH-R and SV1. The expression of protein for GHRH, pGHRH-R, and SV1 in PC-3 cells (Fig. 1Ab ) and tumor xenografts ( Fig. 2A) was confirmed by Western blot. The expression of GHRH protein in PC-3 tumor xenografts was lowered markedly, by 66.3% (P < 0.01), after treatment with the GHRH antagonist JMR-132 ( Fig. 2A) . No significant changes in protein levels of GHRH-R and SV1 occurred in PC-3 tumor xenografts after JMR-132 treatment ( Fig. 2A) .
Inhibition of Cell Proliferation in the PC-3 Cell Line. In assays, in vitro, treatment with the GHRH antagonist JMR-132 resulted in a significant inhibition of cell proliferation of the PC-3 human androgen-independent prostate cancer cell line in a dose-dependent manner. In the MTS [3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium] assays, the growth of PC-3 cells was inhibited significantly by JMR-132 at doses of 10 μM (P < 0.01) and 5 μM (P < 0.05) after 72 h, as compared with control ( Fig. 1C ). In the experiments using absolute cell counts, markedly fewer cells were observed after 72 h and 144 h of exposure to JMR-132 at doses of 10 μM (P < 0.01) and 1 μM (P < 0.01) (Fig. 1D) . No inhibition of cell proliferation was observed with a dose of 0.1 μM of JMR-132 in PC-3 cells (Fig. 1D) .
In Vivo Effects of the GHRH Antagonist JMR-132 on the Growth of PC-3 Human Androgen-Independent Prostate Cancer Xenografts in Nude
Mice. Treatment of nude mice bearing xenografts of PC-3 human prostate cancer with the GHRH antagonist JMR-132 inhibited tumor growth significantly, by 41.2, 45.4, and 50.1% on days 14, 21, and 28 of the study, respectively, compared with the control group (P < 0.05 for all; Fig. 1B ). The inhibition of tumor growth remained significant until the end of study (day 49). The final tumor growth in animals treated with JMR-132 was increased by only 1,428 ± 348% compared with the control group, which showed an increase of 3,739 ± 960%. This result corresponded to a tumor inhibition of 61.8% (P < 0.05). The tumor doubling time was extended significantly, to 11.4 ± 0.7 d, for the JMR-132 group, whereas the control group had a tumor doubling time of 8.1 ± 0.6 d (P < 0.05). In addition, the DNA content of tumors in animals treated with JMR-132 was 16.6% less (1.69 ± 0.08 μg DNA/mg tissue) than that of the controls (2.03 ± 0.03 μg DNA per mg tissue; P < 0.05).
GHRH Antagonist JMR-132 Inhibits Cell Division and Induces Apoptosis.
The assessment of Ki67-labeling indices revealed that the number of mitoses was reduced significantly, by 44.3%, in PC-3 tumors of animals treated with GHRH antagonists (P < 0.05; Table S1 and Fig. S1 A-D). Histological evaluation on H&E slides of PC-3 tumor xenografts revealed that mitotic indices were reduced significantly, by 59.2%, in the group treated with JMR-132 (P < 0.001; Table S1 ). The number of apoptotic cells was 30% higher in JMR-132-treated tumors than in controls (P < 0.05; Fig. S1 E and F Table S1 ).We also found that proliferating cell nuclear antigen protein in tumor xenografts was reduced significantly, by 56.5%, after treatment JMR-132 (P < 0.05; Fig. S1G ).
Effect of IGF-I, EGF, GHRH, and GHRH Antagonist JMR-132 on
Phosphorylation of ERK in PC-3 Cells. ELISA showed that treatment with 10 nM of IGF-I, EGF, and GHRH caused a significant (P < 0.001), increase in levels of phosphorylated ERK (pERK) compared with control. This activation was highest after cells had been stimulated for 5 min and remained significantly elevated at 15 min (Fig. 3A) . The activation levels at 5 min and 15 min were highest for EGF, followed by IGF-I and GHRH. The activation of ERK faded over time and reached the level in controls 60 min after treatment with IGF-I or GHRH. Treatment with EGF resulted in a prolonged activated level of ERK, and the pERK level did not reach the level of control in the observed time period of 4 h (P < 0.01).
Stimulation of PC-3 cells with 10 nM GHRH caused a significant increase in pERK (P < 0.01) compared with control, whereas treatment with the GHRH antagonist JMR-132 did not cause activation of ERK (Fig. 3B) . Pretreatment with 1 μM JMR-132 for 30 min almost completely abolished the activation of ERK in response to 10 nM of GHRH (Fig. 3B) .
Effect of GHRH Antagonist JMR-132 on Phosphorylation of ERK1/2 and Akt in PC-3 Tumors. The relative expression of pERK2 in PC-3 tumor xenografts decreased markedly after treatment with JMR-132 for 7 wk as compared with controls (relative intensity 0.136 and 0.216, respectively; P < 0.05; Fig. 2 B and C) . Changes in the relative expression of ERK1 did not reach statistical significance compared with controls because of the high SE (Fig. 2 B and C) . Treatment of PC-3 prostate cancers with the GHRH antagonist JMR-132 also significantly diminished the phosphorylation of Akt relative to controls (relative intensity 0.037 and 0.127, respectively; P < 0.05; Fig. 2 D and E) .
Effect of GHRH Antagonist JMR-132 on Expression of Genes Related to Cell Proliferation, Apoptosis, Cell Cycle, Angiogenesis, Invasion, and Metastasis. The Human Cancer Pathway Finder PCR array used in our study provided a simple and sensitive tool for profiling the expression of 84 genes related to cell proliferation, apoptosis, cell cycle, angiogenesis, invasion, and metastasis. We identified important functional molecules affected by treatment with the GHRH antagonist and selected genes potentially related to tumor shrinkage. More than 25 genes in PC-3 xenografts exhibited significant change in mRNA expression after treatment with JMR-132 relative to control (Table S2) .
Expression of mRNA for several factors involved in cell-cycle control and DNA damage repair including cyclin-dependent kinase inhibitor 1A (Cdkn1a)/p21 and cyclin-dependent kinase inhibitor 2A (Cdkn2a)/p16 was decreased by the GHRH antagonist JMR- Table S2 ). Transcriptional levels of proapoptotic genes such as Bad and BCL2-associated X protein (Bax) were up-regulated (7.46-fold and 1.87-fold increase, respectively; P < 0.05), whereas expression of antiapoptotic Bcl2 was lowered significantly, by 2.30-fold (P < 0.05) by the GHRH antagonist (Table S2) . We found that mRNA levels of signal-transduction molecules and transcription factors such as V-akt murine thymoma viral oncogene homolog 1 (Akt1), V-erb-b2 erythroblastic leukemia viral oncogene homolog 2 (Erbb2), TNF receptor superfamily, member 6 (Fas), and nuclear factor of kappa light polypeptide 1 (Nfkb1) were down-regulated (4.00-, 3.73-, 2.14-, and 2.92-fold, respectively), whereas NfkbIa/IκBα was up-regulated by 2.46-fold after treatment with the GHRH antagonist (P < 0.05 for all). Transcriptional suppression of several genes involved in adhesion, including integrins α1, α3, β1, β3, and β5 and metastasis suppressor 1, occurred after treatment with GHRH antagonist (6.50-, 2.83-, 2.02-, 2.46-, 2.85-, and 5.66-fold decrease, respectively; P < 0.05 for all). Significant transcriptional suppression of several factors related to angiogenesis, such as angiopoietin 1, angiopoietin 2, Igf1, thrombospondin 1, and Vegfa, was observed following GHRH antagonist treatment (3.73-, 11.31-, 2.16, 1.87-, and 2.07-fold decrease, respectively; P < 0.05 for all). The mRNA levels for several molecules involved in invasion and metastasis, including matrix metallopeptidase 1, matrix metallopeptidase 9, plasminogen activator, urokinase receptor, and TIMP metallopeptidase inhibitor 1, were lowered by GHRH antagonist treatment (1.82-, 3.03-, 2.30-, and 1.89-fold decrease, respectively; P < 0.05).
(P <
0.05 for all;
Discussion
The main finding of our study is that JMR-132, one of our GHRH antagonists developed for possible tumor therapy, inhibits the growth of human androgen-independent prostate cancer xenografted into nude mice through the suppression of tumoral GHRH and inactivation of ERK and Akt. We demonstrated that JMR-132 inhibits the proliferation of PC-3 cells in vitro and growth of PC-3 tumors in vivo. PCR arrays revealed that GHRH antagonists cause transcriptional up-regulation of proapoptotic genes and suppression of several factors related to angiogenesis, tumor invasion, and metastasis.
Our initial rationale for the use of GHRH antagonists in the treatment of experimental human cancers, including prostatic cancer, was based on the assumption that the blockade of the pituitary GH/hepatic IGF-I axis might inhibit the growth of IGF-Idependent cancers (6, 13) . However, numerous studies revealed that the inhibitory effects of GHRH antagonists on tumor growth also may be produced by suppression of tumoral IGF-I/IGF-II, EGF, and VEGF levels or interference with local GHRH (6, 14, 16) . Such effects were thought to be mediated by the pituitary type GHRH-R and its splice variant SV1, which is generated by alternative splicing from the GHRH receptor gene. Our study verifies the expression of protein for both types of receptors in cultured PC-3 cells and PC-3 tumor xenografts. A previous radioligandbinding assay revealed a single class of specific, high-affinity binding sites for GHRH in membrane preparation of PC-3 tumors (16) . The presence of GHRH ligand and SV1 of GHRH-R was confirmed in 86 and 65% of surgical specimens of prostate cancer, respectively (27) . Specific, high-affinity binding sites for GHRH also were demonstrated by radioligand assays in 60% of prostate cancer specimens (27) . Furthermore, the expression of pituitarytype GHRH-R in normal human (8) and rat (28) prostates was reported recently. It appears that SV1 is the predominant type of GHRH-R on certain cancer cells or tumors (6, 16, 28) . Thus, SV1-type GHRH receptors could function as the main therapeutic target for the anticancer effect of GHRH antagonists.
In addition to its endocrine role, GHRH has been shown to be a pleiotropic hormone, given the identification of various extrahypothalamic sources for GHRH production and the demonstration that GHRH acts directly on several tissues other than the pituitary (29) . Extrahypothalamic GHRH has a broad spectrum of activity, exemplified by its ability to modulate cell proliferation and regulate differentiation of some cell types, especially in malignant tissues (29) (30) (31) . Various studies from several groups, including our own, suggest that GHRH is a locally acting growth factor in various human cancers, including prostate cancer (reviewed in ref. 6) . A recent study by Siriwardana et al. (32) demonstrated that autocrine/paracrine GHRH stimulates the proliferation of breast cancer cells in a dose-and receptor-dependent manner, through the Raf/MEK/ERK pathway. Chopin et al. (12) reported the presence of a prostatic autocrine pathway based on GHRH which may stimulate the proliferation of prostate cells. Our study shows that both protein for GHRH and receptors for GHRH are expressed in PC-3 cells, suggesting that an autocrine/paracrine GHRH loop may be present in this cell line. Moreover, we showed that our GHRH antagonist, JMR-132, significantly suppressed tumoral levels of GHRH protein. This reduction in tumoral GHRH is an indirect sign of the blockade of its autocrine production in PC-3 tumors. Treatment with JMR-132 did not affect tumoral levels of GHRH-R and SV1 significantly.
The present study also demonstrates that the GHRH antagonist JMR-132 markedly inhibits the growth of PC-3 tumors. We demonstrated that JMR-132 significantly reduces the DNA content and number of mitoses and induces apoptosis in PC-3 tumor xenografts. Our in vitro and in vivo data also imply that this inhibition of human experimental prostate cancer involves an effect on the activation of PI3K/Akt and Raf/MEK/ERK pathways. Treatment of PC-3 cells with GHRH resulted in increased phosphorylation of ERK. This augmentation in pERK was comparable to that produced by treatment with IGF-I and EGF, both of which are established growth factors and activators of the Raf/MEK/ERK pathway in prostate cancer (7, 33, 34) . Furthermore, pretreatment of PC-3 cells with the GHRH antagonist JMR-132 prevented the activation of ERK by GHRH. It is important that the inactivation of ERK and Akt occurred after treatment with antagonist JMR-132 in PC-3 tumors in vivo.
RTKs are cell-surface receptors for many polypeptide growth factors, cytokines, and hormones (35) involved in the development and progression of various cancers (36) . The PI3K/Akt/mammalian target of rapamycin (mTOR) pathway is a major signaling pathway for RTKs. Akt, a downstream effector of the PI3K/Akt/ mTOR pathway, is associated with androgen-independent prostate cancer (24) . Investigations of prostate tumor cell lines have shown that activation of Akt is important for the progression of prostate cancer to an androgen-independent status (21) . Studies of human prostate cancer tissues show that there is no Akt gene amplification or enhanced protein expression in prostate cancer compared with normal tissue, but poorly differentiated tumors exhibit increased expression of a phosphorylated (activated) form of Akt compared with normal tissue, prostatic intraepithelial neoplasia, or well-differentiated prostate cancer (37) . Moreover, phosphorylation of Akt has been reported to be an excellent predictor of poor clinical outcome in prostate cancer (38) .
Mitogen-activated kinases are multifunctional effector proteins that participate in cellular responses to external stimuli. MAPK activity correlates with the growth of prostate cancer in studies in vitro (34) , and an overexpression of MAPK is found in patients with advanced and androgen-independent prostate cancers (22) . It also was reported that activation of androgen receptor by growth-promoting compounds requires a functional MAPK signaling pathway (39) .
The Raf/MEK/ERK pathway, which is controlled by both GPCRs and RTKs (36) , has a pivotal role in controlling cell survival, cell-cycle progression, and differentiation, and its dysregulated signaling is a central signature of many epithelial cancers, including prostate (26, 40) . The key effectors of this pathway, ERK1/2, are multifunctional protein kinases, which modulate gene expression through the activation of a multitude of transcription factors such as c-fos, c-myc, or NF-κβ and after translocating to the nucleus also can phosphorylate cytoplasmic and nuclear kinases (25) . Increased activity of this pathway has been associated with advanced prostate cancer, hormonal independence, and a poor prognosis (22, 41) . ERK1/2 phosphorylation often is detected in correlation with increased tumor grade of primary or metastatic prostate cancer and tumor relapse after therapy (23, 42) . Several investigators suggest associations between a decline in ERK activity and increasing Gleason grades and differentiation in prostate cancer (37, 43) . ERK activation may be involved in mediating cellular differentiation, and ERK inactivation may be one cause of dedifferentiation in cancer (24, 37) . The role of the Raf/MEK/ ERK pathway in prostate cancer remains controversial.
Previously, we used a site-specific antibody-recognizing phosphorylated form of ERK1/2 to estimate changes in protein expression in DU-145 and PC-3 tumors and in cultured cells as well after treatment of tumors with GHRH antagonists (15) . The expression of pERK in PC-3 tumor cells was very low, more than 10-fold lower than in DU-145 tumors. Therefore, the effects of various therapies on the ERK levels in PC-3 tumors could not be investigated. However, high basal levels of ERK found in the DU-145 model permitted the evaluation of the effects of treatments on the ERK expression in this tumor model. The GHRH antagonist MZ-J-7-118 potently decreased the expression of ERK in DU-145 tumors. This difference in constitutive activation of ERK in PC-3 and DU-145 cells is in accord with earlier findings described by others (44, 45) . However, Zelivianski et al. (46) found a higher expression of phosphorylated MAPK in PC-3 cells. These differences might be explained by variable ERK expression in different PC-3 cell clones and may be changed by several passages of tumor cells. Contrary to our previous report, the basal pERK expression in PC-3 cells and in tumors passaged in nude mice used in the present study was high. Our data suggest that blockade of GHRH receptors (belonging to GPCRs) by antagonist JMR-132 results in inactivation of both the RTKlinked PI3K/Akt/mTOR pathway and the GPCR-linked Raf/ MEK/ERK pathway.
To elucidate further the beneficial effects of the GHRH antagonist JMR-132 in inhibiting PC-3 tumors, we used quantitative PCR arrays. Our observation of the transcriptional suppression of Cdkn1a/p21 and Cdkn2a/p16, factors involved in cell-cycle control and DNA damage repair, in PC-3 tumors after treatment with the GHRH antagonist JMR-132 are in line with our recent findings (17) . The mRNA levels of the proapoptotic genes Bad and Bax were up-regulated, whereas the expression of antiapoptotic Bcl2 was lowered significantly, confirming our recent observations (28, 47) . We found that transcriptional levels of signal transduction molecules and transcription factors Akt1, Erbb2, Fas, and Nfkb1 were down-regulated after treatment with JMR-132. Transcriptional suppression of integrins involved in adhesion also occurred. In accordance with our recent observations in experimental prostate cancer models treated with GHRH antagonists (14, 16) , a significant transcriptional suppression of several factors related to angiogenesis, such as angiopoietins and VEGFA, occurred following GHRH antagonist treatment. The mRNA levels for several molecules involved in invasion and metastasis also were lowered by GHRH antagonist treatment.
In summary, this study demonstrated the efficacy of potent GHRH antagonist, JMR-132, in inhibiting the growth of androgen-independent prostate cancer in vitro and in vivo. The inhibitory effect produced by this GHRH antagonist could be explained in part by inactivation of Akt and ERK and by a reduction in GHRH produced by the cancer cells. Our findings elucidate the mechanisms of action of GHRH antagonists. Our work supports the potential role for GHRH as an autocrine growth factor in prostate cancer. The synthesis of still more potent GHRH antagonists might convert this class of compounds into a therapeutic tool.
Materials and Methods
Additional information is provided in SI Materials and Methods.
Drugs and Chemicals. The GHRH antagonist JMR-132 was synthesized by solidphase methodology using Boc-chemistry as described (48 Cell Lines and Animals. The PC-3 androgen-independent prostate cancer cell line was obtained from the American Type Culture Collection (ATCC) and was maintained in culture using F12K medium (ATCC) supplemented with 10% FBS and antibiotics (100 U/mL penicillin, 100 μg/mL streptomycin). The cells were grown at 37°C in a humidified 95% air/5% CO 2 atmosphere. Male athymic (NCr nu/nu) nude mice, ∼5-to 6-wk-old on arrival, were obtained from the National Cancer Institute (Frederick Cancer Center), were housed in laminar airflow cabinets under pathogen-free conditions with a 12-h light/12-h dark schedule, and were fed autoclaved standard chow and water ad libitum.
Proliferation Assays. For in vitro proliferation assays, 5,000 cells per well were seeded in 96-well plates in 100 μL medium. After 24 h, culture medium was replaced by serum-reduced medium (0.5% FBS) containing different concentrations of JMR-132 (1 μM, 5 μM, and 10 μM), and the cells were incubated for 72 h in a humidified thermostat at 37°C. After the treatment, the relative number of viable cells was measured using an MTS assay (CellTiter 96 AQueous Assay; Promega) following manufacturer's instructions. Briefly, 20 μL of MTS solution was added to the cells and incubated for 1.5 h; then the absorbance was measured at 550 nm with a Dynax Plate reader. Experiments were performed in hexaplicate and repeated three times.
An absolute cell count was performed also using a Z2 Coulter cell counter (Beckman Coulter). Cells were seeded for 24 h in 24-well plates (5,000 cells per well) in medium supplemented with 10% (vol/vol) FBS. After 24 h culture medium was replaced by serum-reduced medium (0.5% FBS) containing JMR-132. Cells were harvested by incubation with 0.05% trypsin (Invitrogen Life Technologies) for 7 min and counted after 24 h, 72 h, and 144 h of incubation with JMR-132.
In Vivo Studies. Treatment of nude mice bearing PC-3 human androgen-independent prostate tumor xenografts with the GHRH antagonist JMR-132 was performed as described (SI Materials and Methods). Animal care was in accordance with institutional guidelines and complied with National Institutes of Health policy.
